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Human epidermal keratinocytes were establ ished in culture 
using a low-Ca2+ (0.15 mM), serum-free kera,rinocyrc 
growth medium (KGM) as the culture medium. Early pas-
sage kcrarinocyrc5 (i.e .• between passages 3 -..8) were incu-
bated for 1 or 2 d in KGM, in KGM supplemented with 
1.4 mM Ca2+, or in growth factor-deprived kerari nocycc 
basal medium (KBM). T he cells were concomitantly treated 
with all -trans retinoic acid (0.1- 2.5 )lg/ml), and cell growth 
was quanti tated at the end of the incubation period. The 
kerarinocyces were simuJtaneousJy examined for adhe-
siveness and production of two extracellular matrix mole-
cules, e.g., thrombospondin (TSP) and 6bronectin (FN). 
Treatment w ith all-trans retinoic acid inh ibited proliferation 
of keratinocytes that were rapidly growing in KGM. Prolif-
eration was also inhibited in KGM supplem ented with 
1.4 mM Ca2+, but all- tran s retinoic acid did not reverse t.he 
morphologic features associated with d ifferentiation induced 
by high Ca2 +. In contrast to these effects, all-trans rerinoie 
acid treatment of keratinocytes in KBM, in which the cells 
were normally quiescent, stimulated growth . In tbe presence 
R crinoids have profound effects on the epithelium of the skin. Administration of [opical all- trans retinoic acid to phowaged skin reduces fine wrinkling [1,2]' T his is associated wifh histologic changes in both the epidermis and dermis. Epidermal changes include 
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Ahbr('viations: 
s'C r: Chromium-5 1 
DMSO: dimethyl sulfoxide 
EGF: (,pidermal growrh factor 
ELISA: cnz.yme-linked immunosorbant ;l$say 
FN: fi bron('ctin 
K.BM: kernrinocyte haul medium 
KGM: kerOlrinocyte gro wrh medium 
SDS-PAGE: sod ium dodecylsulfate-polyacrylamide gel electrophoresis 
TSP: thrombospond in 
of optimal concentrations of all-trans retinoic acid (0.5 )lg/ 
mt), the rate of kerarinocyte proliferation in KBM was ap-
proximately 35% of the rate obtained in KGM (maximal 
proJjferation rare). Keratinocyte adhesion (resistance to tryp-
sin-mediated release from the substrate and attachment to the 
substrate) was inhibited by all-trans retinoic acid under all 
three conditions. [n regard to extracellular matrix produc-
tion, T SP production was inhibi ted by greater than 90% 
under all three conditions in the presence of all -trans retinoic 
acid. FN production was also inhibited but ro a Jesser degree. 
Concentrations of all-trans retinoic acid required to nuxi-
mally inhibi t kcratinocyte adhesion and matrix production 
were higher (1.0- 2.5 )lg/ ml) than the concentration re-
quired to stimulate prol iferation in KBM. These in vi tro 
observations may have implications in the effects of rcrinoids 
on intact sk.in, including enhanced kerarinocyte proliferation 
and thickening of the epidermis after topical application to 
phoroaged skin and inhibition of proliferation and cell-cell 
cohesion after systemic administratjon in cases of psoriasis. J 
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thickening and compaction of the stratum corneum, increased pre-
liferation of keratinocytes, and increased deposition of aJcian blue-
staining (glycosoaminoglycan-lih) material. In contrast, systemic 
retinoid therapy for treatment of psoriasis ameliorates the lesions 
[3 .4]. This is associated with decreased keratinQcyte proliferation 
.and increased epidermal fragjJjty. The cellular and molecular basis 
for retinoid-induced changes in keratinocyte proliferation are nor 
well-understood. To begin understanding the biologic basis for 
these diverse clinical effects of rctinoids. we have examined the 
effects of all-trans retinoic acid on proliferation of adult hurru.n 
epidennal keratinocytes in culture. Und.ifferentiated. rapidly prolif-
erating keratinocytes (maintained in a low-CaH -containing growth 
medium) were compared with keratinocytes rhat were induced to 
differentiate by elevation of the external CaH concentration and 
with nonproliferating keratinocytcs (maintained in medium devoid 
of growth factors) [5 - 7] . All-trans rerinoic acid inhibi ted growth of 
the rapidly proliferating, undifferentiated cells and the cells that 
were induced to differentiate (while still proliferating) by elevated 
external Ca2+. In eontran, aU-trans retinoie acid stimulated growth 
of the nonproliferating cells. 
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MATERIALS AND METHODS 
Keratinocytes Cultures Primary cul tures of keratinocytes were: 
obtained from nonnal adult face-lifr skin by Castroviejo keratome 
(0.3-mm thick) and a single cell suspension was prepared as de-
scribed rSJ. The fresh epidermal cells were w:ded in.to 35-mm plas-
tic petri dishes (Lux. Flow Laboratories, Naperville. IL) and grown 
in the presence of a low-Cal .... , serum-free keratinocyte growth me-
dium (KGM) containing epidennaJ growth factOt (EGF) (10 
ng/ ml). insulin (5 I'g/ ml). hydrocorTisone (0.5I'g/ ml). ethanol-
a~.ine (0. 1 mM), phos~hoethanolaDline. (0.1 mM). and bovine 'pi-
[unary extract (Clonencs Corp., San Diego. CA) as described 16]. 
The Ca2+ concentration of KGM is 0.15 mM. The keratlnocyres 
were rou.tinely passaged using 0.03% trypsin/ 0.01 % EDTA. Kera-
tinocytes between passage numbers .3 and S were used. The kerati-
nocytes were maintained in a humidified incubator at 37~C with 
5% CO2 /95% air. In some experiments. the cells were maintained 
for periods in keratinocyte basal medium (ICBM). a basal medjum 
that is similar to KGM. but unlike KGM it does nO{ contain EGF. 
insulin, hydrocortisone. ethanolamine. phosphoethanolamine. or 
bo"ine pituitary extract (Clonerics Corp.). The cel ls were also cul-
tured for periods of rime in KGMsupplememed with 1.4 mM Ca2+. 
All-Trails Retinoic Acid All-trans retinoic acid (rype XX) was 
obtained from Sigma Chemical Co. (S[. Louis, MO). Stock solu-
rions were prepared in dimethyl sulforide (DMSO) (20 mg/ml) and 
stored frozen, protected from light. W orking solutions were pre-
pared in the appropriate cul ture medium at the rime of use. When 
keratinocytes were treated with all-trans rennoic acid , they were 
prQ[ccted from light during the incubation period. The final con-
centration of DMSO in the cultures treated with 2.5 ,ug/ ml of 
all-trans rctinoic acid (highest concentration used) was 0.0125%. 
This concenrration of DMSO had nO detectable effect by itself. 
ExtraceUular Matrix Molecules and Antibodies to Extracel~ 
lular Matrix Molecules Extracellular matrix molecules used in 
these experimencs included 6bronecrin (FN) and thrombospondin 
(TSP). These were obtained and characterized as described [6]. 
Human plasma FN was obtained from GIBCO (Grand Island, NY). 
When examined by sodium dodecylsuJfate-polyacrylamide gel 
e1ecrrophoresis (SDS-PAGE) under reducing conditions, a single 
band at approximately 200 kD was seen. FN reacted with monospe-
cific polyclonal rabbit ami-FN antibodies (Accurate Scientific and 
Chemical Co., Westbury, NY) at dilutions up to 1: 10' in an en-
zyme-linked immunosorbenc assay (ELISA) bur did not react with 
antibodies to T SP. TSP was purified in our laboratory from Out-
dated human plasma using heparin-Sepharose affin..iry chromatog-
raphy [9]. The purified TSP migrated in SDS-PAGE as a single band 
with a M, = 170 kD under reducing conditions. 1r reacted with 
rabbit anri-TSP antibodies (1 : 1 - I : 1 ()6 dilutions) in ELISA but did 
not react with anti-FN antibodies. 
Rabbit polyclonal antibodies (gamma globulin fractions of whole 
IScra) to FN and T SP also were used in these studies. These were 
obtained and characterized as described [6). Each antibody reacted 
with its appropriarr antigen in ELISA. but showed no cross-reactiv-
icy whh the other exrracellular matrix component. Normal rabbit 
globulin was used as a con trol. 
Proliferation Assay Keratinocyte proliferation was measured by 
seeding 35-mm (diameter) cuhure dishes with ~pproximateiy 
7.5 X 10" ceJls per dish in KGM. One day later the cells were 
washed and illcuhated in KGM, KGM supplemented with 1.4 mM 
Ca2+, or KBM. Cells in each of the three groups were left without 
further treatment or treated with various concentrations of all-trans 
recinoic acid. The cultures were then incubated at 3rC and 5% 
CO2 for 24 or 48 h. After the incubation. tht ceBs wert: harvested 
with trypsin/ EDT A and coumed with an electronic particle 
counter. Before counring. the harvested cells were examined under 
phase-contrast mic.roscopy to verify that they were in a single-cell 
suspension. Duplicate dishes wen: fixed in glutaraldehyde and pho-
tographed under phase-contrast microscopy. 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
Cytotoxicity Assay Cytotoxicity was measured using a Chro-
mium-51 (SlCr)-re1ease asS2Y as described [10]. Keratinocytes 
grown in 35-mm (diameter) dishes in KGM were incubared for 
18 h with 2,uCiJdish ofNas1 Cr04 (New England Nuclear, Boston, 
MA). Then they were washed three times to remove unincorpor-
ated slCr and were ready to use. The cells were incubated for an 
additional 18 h in KGM or KBM with or wirhour aJl-trans retinoic 
acid. At the end of (he incubation period, the amount of !tICr re-
least:"d inco the culture fluid was detennined. T otal slCr-release was 
determined from dishes treated with 1 % Triton X-IOO detergent . 
The % specific !t\Cr~release was determined by the following for-
mula: 
% Specific !oler-release = 
Experimental release - spontaneous release 
T otal release sponraneous release 
Measurement of Cell-Substrate Adhesion Sensi tivity of the 
cells [Q trypsin/EDT A-mediated release from the substratum was 
used as a measure of adhesion. Cells grown in 35-mrn (diameter) 
dishes were washed tv.'o times and exposed to a solution of 0.03% 
trypsin/ 0.01 % EDTA at 37 D C. At various times latcr, the detached 
cells were gendy harvested and counted as described earlier. A cell 
count made when all of the cdls had been released was used to 
determine the total cell count and the percentage of cells released at 
each tilDe point derennined from this. 
Cell attachment and spreading was used as a second parameter of 
cell-substrate adhesion. Cells were harvested from cul ture, added to 
35-mm (diameter) dishes in KGM, KGM supplemented with 
1.4 mM Ca2+, or in KBM, and incubated at 3rc. A( various times 
later the nonanached cells were removed. The attached cells were 
harvested and counted to determine rhe percentage of attached cells. 
In parallel cultures, the nonattached cells were removed and the 
dishes flooded with 2% glutaraldehyde. The percentage of attached 
ce ll s that were spread was determined under phase-contrast micros-
copy. By combining the twO values we were able to obtain an 
estimate of the percentage of cel ls that were attached and spread at 
various times after addition to the dishes. 
ELISA ELISA was used to quantify the amount of immunoreac-
tive FN and TSP produced by keratinocytes and secreted into the 
culture medium. Briefly, cells grown in 35-nm\ (diam eter) culture 
dishes were washed twO rimes and then incubated for an additional 
2 h in KGM, KGM supplemented with 1.4 mM Ca2+, or KBM. 
The 2-h cultuce fluids were then harvested. d:a.rined by low~speed 
centrifugation, and added to wells of a 96-welJ plate (Falcon Plas-
tics, Oxnard, CA) from lots thar had been prescreened for accept-
ability in ELlSAs (i.e .• low levels of nonspecific protein binding). 
Normally, 0.2 ml of culture medium was used per well and the 
wells were incubated for 4 h at 37 °C. KGM, KGM supplemented 
wi.th 1.4 mM CaH • or KBM alone served as controls. Purified FN 
or TSP (0.5 - 0.00051'g per we ll) in the same medium was also 
added to each assay plate to serve as a standard. After the 4-h incuba-
tion, the culture medium from the cells, the control culture me-
dium , and the standards were removed from the wells and the 
ELISA performed as described [11 J. 
RESULTS 
Effects of All~Trans Retinoic. Acid on Keratinocyte Prolifer· 
ation In the fint series of erperiments, all-trans reti.noic acid was 
examined for dtects on keratinocyte proliferation in KGM and in 
KGM supplemented with 1.4 roM CaH . In the absence of aH·nans 
retinoic acid, the adult human keratinocytes prolifeJ.l.ted in both 
KGM and KGM supplemented with 1.4 mM Ca2+. Proliferation 
was slightly reduced in the presence of Ca2'+--supplemented KGM as 
compared with KGM aJone (Fig 1). Under both conditions, all-
trans reti.noic acid inhibited growth in a concentration-dependent 
manner . Minimal inhibition was observed at 0.5 JLg/ ml of a11~ttans 
retinoic acid but increased dramatically at 1.0 and 2.5 Ji.g/ ml (Fig 1). 
Concentrations of all-trans retinoic acid that inhibited keratinocyte 
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Figure 1. Effects of all-trans reanoie acid on ke-
rarinocyte proliferation in KGM and KGM sup-
plemented with 1.4 mM CaH . Kerarinocyu: were 
incubated under the appropri~[e conditions for 1 or 
2 d. At the end of the incubation period, cells were 
harvested and counted. Values represent means and 
standard deviations based on thret culture dishes/ 
data poi.nt in a single experiment. The experiment 
was repeated four rimes wich similar results. (Un-
treated. _ ; O.S .ug/ mJ all-trans rerinoic acid 
(RA) , c.-c.: 1.0 #g/ ml RA. 0-0: 2.5 #g/ ml RA , 
0-0). 0.0 o .o+----~----~---J 0 .0 1.0 2.0 o 
TIME (days) 
growth were nm cytotoxic as indicated by StCr-release assays 
(Table J). 
Morrhologically. kcratinocytes grown in KGM had the appcu-
ance 0 undifferentiated cdls (small, cobblestone-shaped) whereas 
cells grown in KGM supplemented with 1.4 mM Ca2+ had features 
of differentiated cells; i.e .. they were lar~e and flattened. This is 
consisteD( with published descriptions (7J. Concentrations of a1.1-
trans retinoic acid that inhibired proliferation (1.0 ,ug/ tnl) had only 
minimal effects on cell morphology. In particular, there was no 
evidence for reversal or the Ca2+ -induced morphologic features of 
differentiation. Morphologic features of untreated and all-trans reti-
noie acid-treated kerarinocytes grown in KGM and in KGM supple-
mented with 1.4 mM Ca2+ are shown in Fig 2. 
All-trans retinoic acid was next examined for effects on keracino-
cytes grown in K..BM. In the absence of treatment with all-trans 
retinoic acid. the adult human kcratinocytes did not proliferate in 
KBM (Fig 3). In contrast to what was seen in both KGM and KGM 
supplemented with 1.4 mM Ca2+, all -trans retinoic acid stimulated 
proliferation in KBM (Fig 3). Under conditions of maximal stimu-
lation (i.e., in the presence of 0.5 ,ug/ ml of all-trans retinoic acid). 
the rate ofkeratinocyte proliferation was approximately 35% of the 
J'3te of KGM. This is in contrast to complete inhibition of keratin a -
eyte growth in KBM without all-trans retinoic acid. 
Effects of All· Trans Retiooic Acid 00 Keratinocyte Adhe-
sion Keratinocytes grown in KGM were treated for 2 d with 
1.0,ug/ ml of all-crans retinoic acid. Following this. control and 
treated cells were washed rwo times and exposed to trypsin/ EDT A 
as descri bed in Materials ami Methods. The rate of cell release from the' 
substratum was measured. As seen in Fig 4A, all -trans retinoic acid-
treated cells detached from the substratum more rapidly than did 
untreated cells. Results similar {O this were obtained with cells cul-
tured in KGM supplemented with 1.4 mM Ca2+ and in KBM. That 
Table 1. Effects of All-Trans Retinoic Acid on Human 
Epidermal Ker3tinocyte Viabiliry 
Treatment" 
KGM 
+ 1.0 #g/ mJ RA 
+ 2.5 #g/ ",I RA 
KBM 
+ 1.0 #g/ml RA 
+ 2.5 #g/ mJ RA 
2±1 





• Keu.tinocytes we.re mcuboated overnight in KGM cont;.uning 2 J.lCi/culture dish of 
JICr. After washing. tht'y were incu~tt'd foronot' additional day in KGM or KBM with 
and without all·tnns recinoic acid (RA). Percenage of specific JICr rele25e was then 
determined. 
~ Values represent the average percentage of spot'cific "Cr-releU(: ± differences be-
tween individual values:.md averages hasc-d on duplicate culture disht's/ dau point in a 
single experiment. The experiment was repeated two rimes with similar resultS. 
2 
is, all-trans retinoie acid enhanced the trypsin/ EDT A-mediated re-
lease of the ceUs [rom the substratum in both culture media (not 
shown). 
In addition to enhancing the sensitivity of keratinocytes to tryp-
sin/ EDTA-medjated release from the substratum, all-trans retinoic 
acid concomitantly reduced the ability of the cells (a reattach and 
spread. Cells cul tured in KGM are shown in Fig 4B. Attachment 
and spreading assays were also carried OUt with cells grown in KGM 
supplemented with 1.4 mM Ca2+ and in KBM. Previous studies 
have shown that anacbmenr and spreading is gready reduced in 
KGM supplemented with 1.4 mM CaH or in KBM over that seen 
in KGM alone [5.6]. Under neither condition was all-trans retinoic 
acid effective in reversing the inhibition of attachment and spread-
ing (nor shown). 
EH'ects of All· Trans Retinoic Acid on Keratinocyte Produc· 
tion of Extracellular Matrix Molecules Two-hour culture 
fluids generated immediately before the keratinocytes were har-
vested and counted (48 h after treatment) were analyzed by ELISA 
for the presence ofTSP and FN. In the absence of all-crans retinoic 
acid, production of both matrix components was high by keratino-
cytCS grown in KGM but reduced when the cells were grown in 
cithcr KGM supplemenrcd with 1.4 mM CaH or in KBM (Table 
11 ). TSP production was inhibited to a greater degree than FN . 
These findings are consis[C'nt with our previously published results 
15,6]. All-trans retinoic acid inhibited the production of both matrix 
components by keratinocytcs grown in KGM (Table lJ). TSP was 
inhibited to a much greater degree than FN. Production ofTSP was 
also greatly inhibited (rdative ro the amount produced by cells 
grown in KGM in the absence of all-trans retinolc acid) when the 
keratinocytes we're treated with all-trans retinoic acid in either 
KGM supplemented with 1.4 ruM Ca2+ or KBM. In contrast, FN 
production was stimulated slightly under both conditions by 0.5 
and 1.0 ,ug/ ml of all -trans retinoic acid. Only ar a concentration of 
2.5 Jlg/ ml did all-trans retinoic acid further inhibit FN production 
over chal seen in KGM supplemented with 1.4 mM Ca2+ or KBM 
alone (Table II ). 
Time-course studies were then carried Out. Keratinocytes grown 
in KGM or KBM we,re treated for 2 or 24 h with 2.0,ug/ ml of 
all-trans retinok acid. Following treatment , 2-h culture Auids were 
obtained from conuol and treated cells and aru.lyzed for TSP and 
FN. TSP levels fell rapidly after al1-trans retinoie acid tre3tment. 
TSP levels in the 2-h culture fluids of the ce lls tre.ned with all-trans 
retinoic acid (in either KGM or KBM) were 3pproXim3tely 50% of 
the levels found in their respective control culture fluids. By 24 h. 
TSP levels were reduced by 80%-90% (comparable to what was 
seen at 48 h) . In contrast, FN production was not affected by all-
trans retinoic acid as rapidly as TSP production. There was essen-
tially no difference between control and all-mans retinoic acid-
treated cells at 2 h. The 24-h values were, however, lower after 
treatment and were comparable to what was seen at 48 h. The data 
from the 2- and 24-h cultures arc shown in Table Ill. 
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Figure 2. Effects of :III-trans retinoic acid on keradnocyte morphology in KG M and KG M ·.iUpp(emented wi.th t .4 mM Ca'H. Kentinocytes wue im:u bated 
under the appropriate conditions 2 d. The cells wert' thell washed in phosphate-buffered saline and fixed in 2% glutaraldehyde. They were photographed 
under phase-contrast microscopy. 12) KGM; b) KGM + 1 pg/ ml all-transretinoic ~d (RA); () KGM + 1.4 mM Ca'H; and d) KGM + 1.4 rnM D2+ + 1 p g/ 
ml RA. Al l photographs X 300. 
DISCUSSION 
In the present study we examined the infl uence of all-trans rerinoie 
acid on epidermal kc:ratjnocyte proliferation, Keratinocytes grown 
under th ree conditions (i .e., in KGM, in KGM supplemented wi th 
1.4 mM Ca2+ and iIl KDM) were examined. Previous studies h.:lve 
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remain in an undifferentiated condi tion for a number of passages [81, 
When KGM is supplemented with C.:I2+ concentrations greater 
than 1.0 mM. proliferation is slowed and differentiation ensues 171-
Differentiation is also induced by cul tivation of keratinocytes in 
KBM rather dun in KGM [6J. KBM contains the same basal me-
dium as K.GM but does no[ contain growth-stimularing factors such 
as EGF, insulin, hydrocortisone, ethanolamine, phosphoethano-
3.0 ,--- ------ - ---, 
• Day 0 
2.5 ca Day 2 
2.0 o 2.5 
Figure 3. Effects of all-trans rerinoic acid on h-
ratinocytt" proliferation in KBM. A : Time-course. 
Untreated ker:ninocytes and kerarinocytes treated 
with 0.5 Jlg/ ml of al1 . ~rans retinoic acid were in-
cubated for 1 or 2 d. At the end of rhe incubation 
period. cells were harvested and counted. VaJues 
represent means and st<llldard deviations based on 
three culture: dishes/data point in a single experi-
ment. The experiment was repeated four times 
wi.th similar resu lts (Untreated . ........ ; 0.5 pg/ ml 
all-trans retinoie acid. ~-A) B: Dose-response. 
Untreated kerarinocytes and keratinocytes rreared 
with varjo~ concc:ntrations of aJJ-trans rerinoic 
acid were incubated for 2 d and then counted . 
Valuc:s represent mc:ans ± diffc:rencc:s berween in-
dividual values :rnd means based on duplicate cuJ-
ture dishes/ data point in a si ngle c:xpcriment. The 
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lamine. and pituitary extr.acr. The results of the present study show 
that all- trans retinoie aeid inhibits keratinocyre proliferation in 
KGM or KGM supplemented with 1.4 mM Ca2+. 1n contrast. all-
trans retinoie acid stimulates kcratinocyte growth in KBM.ln KBM 
without all-trans retinoic acid, keratinocyte prolife ration is com-
pletely suppressed. In the presence of optimaJ concentrations of 
all-trans retinoic acid (0.5 ,ug/ml) the rate ofkeratinocyre prolifera-
tion is approx.imate ly 35% of the rate obtained in KGM (maximal 
proliferation rate). These data show. therefore, that all-trans rcti-
noie acid has the- capacity to stimulate proliferation of quiescent 
keratinocytcs in vitro. These data do not prove that rhe abiliry of 
all-trans retinoie acid to induce epidermal hyperplasia in photoaged 
skin 11,21 is the resu lt of a direct Stimulatory effect on keratinocytes. 
They are consistent with the suggestion, however, that some of rhe 
in vivo effects seen in the epidermis of photoaged skin afte r aU-trans 
retinoic acid treatment may reflect a direct stimulation of quiescent 
kcratinoeytes. 
In addition co altering keratinocyte proliferation, retinoids also 
alTect intact skin in other ways. Characteristic features of rerinoid-
treated skin include increased fragiliry, decreased cohesion, and im-
paired barrier funct ion [4, 12,'13}. I.nereascd fragility and decreased 
cell-cell cohesion can be manifested as increased susceptibiliry to 
friceion-blister formation with tbe breaks being intraepide.rmal, as 
opposed [0 occurring at the de rmal-cpidermaJ juncture [4.12J. It 
should be noted that these changes have only been observed after 
systemic retinoid therapy. They have nOt been seen after topical 
administration of all-trans recinoie acid, 1.2.4.12}. The differences 
Table ll. ElTects of All-Trans Retinoic Acid on the Production 
of Extracellular Matrix Molecules by Human Epidennal 
Kerari nocyrcs 
ng/l X 106 cdls/2 ht 
Treatmcl1~ TSP FN 
KGM 566 ± 51 943 ± 47 
+0.5,ug/ml itA· 157 ± 31 786 ± 25 
+ 1.0"s/ml RA 70± 14 440 ± 27 
+ 2.51' g/ml RA <10 470± 4 
KGM + 1.4 mM CaH 31 ±6 41O±50 
+ 0.5 ~s/ml RA 30± 3 508 ± 31 
+ 1.0 ~glml RA 15 ± 10 443 ± 37 
+ 2.5 pg/ ml RA < 10 157 ± 16 
KBM 27± 1 614 ± 57 
+ 0.5 pg/ml RA 27 ± 5 852 ± 75 
1.0pg/"'] RA < 10 753 ± 33 
+ 2.5 pg/ ml RA < 10 < 10 
• Keutmocyt($ were incubated under the appropri:ate conditions for twO d .. ys. Fol-
lowing this. 2-h culture. fluids wcn~ obtained and ;!.nalyzed forTSP illld FN by ELlSA. 
~ IlA - all·mans retlnoic acid. 
' Values represcnt avenges ± differences between individual values :lna averages 
based on duplic:u c culture dishes in:l single cxpcrimcnt. The experiment W:lS rcpr::llcd 
four t imes with similar result!. 
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Figure 4. Effects of all.rrans retiooic acid 00 
keratinocyte adhesion. Keratinocytcs were cul-
tured for 2 days in KGM containing 1.0 ,ugJrnJ 
of all-trans retinoie acid. Tteated and control 
cells were exa.mined for sensitivity to trypsin/ 
EDTA-mediated relea.se from the substratum 
(panel A). The relea~d cells were then exam-
ined for reattachment and spreading (panel B). 
Va.lues rcprescnt avenges ± differences be-
twec.n individual values and averages based on 
duplicate culture dishes/data point in a single 
experiment. The ex~riment was repeated 
three times with similar results. (Untreated, 
......... 1.0 Jlg/ml all -crooms retinoie acid, 
0-0). 
bcrween systemic and topical administration may result from the 
nature of the compounds used or from the route of administration. 
They may also result from differences in the concentrations present 
at the target rissue site. W e noted that stimulation of keutinocyte 
prol iferation in KBM by all-trans retinoic acid was optimal at 
0.5 ,ug/ml, while higher concentrations (1.0-2.5 ,ug/ ml) were re-
quired to produce maximal inh ibition of adhesion. It may be that 
the amounts of all-trans retinoic acid used in topical administration 
arc suffi cient to stimulate' proliferation of resting keratinocyres 
witbout suppressing cohesion. Altered cohesion noted in vivo may 
be related to changes in cell-substrate adhesion reported here. We 
routinely observed in vitro that all-trans retinoic acid-treated kerar-
inocytes were much more sensitive to rrypsin-EDTA-mediated re-
leas(' nom the substratum than were control cells. This was not 
related to rhe proliferative state of the cells as similar results were 
obtained under all three of the conditions examined. Treatment 
with all -trans retinoic acid also retarded attachment and spreading. 
The biologic basis for all-trans re.rinoic acid-induced alterations 
in keratinocyte adhesion are not known at present. Previous studics 
in our laboratory [5.14] have shown that endogenously produced 
TSP promotes keracinocyte attachment and spreading in vitro. A 
role for fibronectin in keratinocyte attachmem and spreading has 
also been shown [15]. In light of rhese findings, it is reasonable to 
suggest that the decreased production of T SP and FN by all-trans 
rerinoie acid-treated cells and the decreased capacity of the treated 
cel ls co attach and spread in vitro may be related. It is more difficult 
to suggest a role for decreased matrix production in the increased 
sensitivity of all-trans retinoie acid-treated keratinocytes to trypsin/ 
EDTA-mediated release. This is because increased trypsin/ EDTA 
sensitiviry was seen following treatment of ce Us with all-trans reti-
noic acid under 311 rhree culture conditions. Yet. the major decrease 
in producrion of the two ex.t[acellular matrix components , panicu-
larly TSP, occurred as a result of cultivation in RBM or KGM 
supplemented with 1.4 mM Ca2+ as opposed to cu1tivacion in KGM 
Table ffi. Time-Course of All -Trans Recinoic Acid Effects on 
Extracellular Matrix Molecule Production 
ngll X 10' c<l I,/2 h' 
TSP FN 
Trea.tmcn~ 2-h 24-h 2-h 24-h 
KGM 605 ± 15 600 ± 10 700 ± 51 895 ± 25 
+ 2.0 ps/ml RA' 247 ± 30 45 ± 3 695 ± 30 595 ± 15 
KBM 95 ± 8 160± 18 455 ± 17 803 ± 27 
+ 2.0 pglml RA 50 ± 10 33 ± 10 410 ± 15 400 ± 35 
• Kcntinocytes w(';re incub:ltC'd unner the- appropriale conditions for 2 or 24 h. fol-
lowing IhlS, 2-h culture fluid) wert' obt<1lined and analyzed for TSP and FN by.ELlSA. 
• RA - a][-Iran~' retinok add. 
'Values represent avenge~ ± differences berween individual values and a\'engC'S 
b:lstd un duplic:ne culturt di.~ hes in a single experiment. The experiment WaJ; repeated 
twO timC'.S with 5imibr resuln. 
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alone. If decreased production of the two matrix components was 
primarily responsible for increased sensitiviry to trypsinjEDTA. we 
might have e.xpected to see greater differences between untreated 
cells grown in the three different culture media and smaller differ-
ences between control and all-trans retinoic acid-treated cells in 
KBM and in KGM supplemented with 1.4 mM CaH • (n light of 
rhese complexities. it is difficult to make any statement concerning 
the relationship berween alterations in matrix production and 
changes in adhesiveness in vitro. Certainly, no generaliz;1rion ro in 
vivo behavior is warranred at this time. 
It is of interest to note, finally, that all-trans retinoie acid induced 
keratinocyte proliferation in KBM without concomitantly stimu-
lating TSP production. In our past studies we observed a close: corre-
lation berween EGF stimulation of keratinocyte growth and en-
hanced synthesis of TSP [5.6). The present findings suggest that 
keratinocyte proliferation does not a priori require TSP synthesis. 
They further demonstrate rhar TSP production is nor merely the 
result of keratinocyte growth. 
In summary, rhese data show that all-trans rerinoie acid can have 
very different effects on kerarinocyte behavior. depending on the 
proliferative state of the cells ar the time of treatment . Undifferen-
tiated. rapidly proliferating cells (i.e .• in KGM) respond by growth 
inhibition, as do cells induced to diH"erentiate by incubation in 
KGM supplemented with 1.4 ruM CaH • [In the absence of treat-
ment with all-trans retinoic acid, cells cul tured in the presence of 
high CaH proliferate almost as rapidly as ceUs grown in KGM 
alone.J In contrast, all-trans rerinoie acid stimulates growth of cdls 
whose proliferation is inhibited by incubacion in basal medium. 
These in vitro observations may have similarities with the in vivo 
effects of rctinoids, which include increased kerarinocytc prolifera-
cion and thickening of [he epidermis after topical application to 
photoaged skin and inhibition of keratinocytC" proliferarion when 
used systemically in cases of psoriasis. In addition to modulating 
proliferation. all-trans retinoic acid inhibits the in vitro production 
of exnacellular matri;<. molecules by kerannocyte and concomi-
tantly reduces adhesion. This occurs in rapidly proliferating as well 
as growth-inhibited cel ls. Concentrations required for maximal in-
hibition of matrix production and adhesion are higher tban concen-
trarions promoting optimal proliferation. Tb t" in vitro effect on 
adhesion filay also have its in vivo counterpart. Systemic retinoid 
treatment in humans (though not topical application) results in 
decreased epidermal cohesion. 
This stlla), was suppoma i" part by grail' PDT-324 from the Americall Cancer 
Society alia b}' a gralll from Orrha Pharmac(!utical Co. 
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